Introduction
Use of Macroeconometric models has by now assumed a measure of universality as an unavoidable aid to forecasting and policy analysis; challenges and controversies spread over more than two decades notwithstanding.
1 While such models are typically designed and utilised for dealing with short term problems their application to issues of long term growth has been equally important, though less frequent. 2 The present exercise is intended to examine India's growth prospects during the first two decades of the third millennium on the basis of a comprehensive econometric model. The exercise is fairly straightforward and somewhat traditional. It draws neither upon the growing literature on "Endogenous Growth" nor upon the recent developments in the econometrics of "Cointegrated Time Series" which enables one to separate short term from long term relationships.
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Why we have chosen to follow the traditional and apparently modest line calls for some explanation. As far as the new theories of growth are concerned it must be pointed out that our focus in this exercise is at the same time narrower as well as wider than that of the endogenous growth models. While such models have largely been motivated by the quest for an explanation for variations in the growth rates of economies across time and space, our focus is narrowly on the prospects of India's economic growth over the next two decades. In any case, in attempting the present exercise one may draw some comfort from Solow's Nobel Lecture (see Solow, 2000) .
On the other hand, the fact that one is dealing with a poverty ridden developing economy on the threshold of globalisation, stands in contrast with the mature resilient industrial economies which modern growth theories are concerned with. For this reason the focus of our exercise is wider in so far as it is implicitly concerned with the politico-1 See Pandit (2001) . 2 Two prominent attempts in this direction have been those by Klein and Kosobud (1961) , Behrman and Klein (1970) and, Hickman and Coen (1976) . 3 See Barro and Sala-i-Martin (1995) and Aghion and Howitt (1998) on endogenous growth and, Enders (1995) on modern time series Techniques economic compulsions which are likely to persist at least over the near future. It is the consequent rigidities and slacks in the economic system which give meaning and relevance to the question of macroeconomic sustainability of a given pace and structure of economic growth. Unavoidably, the focus of the exercise has to be wider than that of theoretical growth models.
As mentioned above, recent developments in time series econometrics provide a methodology for identifying long run and short run relationships between variables that are found to be cointegrated. Typically, this methodology is appropriate when one is dealing with high frequency data sets with an adequately large number of observations.
The fact that we do not have a long enough time series, adequately comparable over time,
considerably erodes the gains associated with this methodology. Two other considerations are also relevant in this context. First, since our observations are annual, disequilibrium is unlikely to be a dominent feature of the underlying relationships, even as its presence may not be totally ruled out. Second, time series modelling, using VAR or better, SVAR has so far been confined to only simple and small atheoretical models.
Even a moderately sized structural model can turn out to be quite cumbersome under this methodology.
Setting up the Problem
It should be pointed out at the outset that our objective is not to forecast India's economic growth over the next two decades. It is, instead, intended to construct a growth scenario that is attainable and, at the same time sustainable in terms of vital macroeconomic balances. Criteria of sustainability are dealt with in two ways. While some are incorporated into the process of growth others are monitored expost as the growth process follows its own course, to ensure that they remain within limits that are perceived to be tolerable. The central issue is one of sectoral and overall growth rates and their implications with respect to macroeconomic equilibrium in a broad sense.
The questions under investigation are important because constraints and costs associated with economic growth need to be clearly understood and evaluated. In principle, it may be possible for an economy to register a high rate of economic growth for a while by continually fuelling in larger inputs; which may, in turn generate a variety of persistent imbalances jeopardising long run growth. The issue then is to identify growth trajectories consistent with plausible pattern of investment behaviour, and measures of structural changes including productivity growth, and manageable within a realistic spectrum of parameters like rate of saving, exchange rate depreciation, external debt, fiscal balance, and per capita domestic food availability. Clearly, the relative importance of different constraints and costs would vary from one situation to another depending on the prevailing economic structure, sociopolitical set up and other relevant initial conditions.
Some of the foregoing issues have been discussed implicitly as part of the planning literature in India. But as far as we are aware this literature has been confined to a five year planning horizon. Even for that, the focus has largely been on the quantum and allocation of investment consistent with a target growth rate on the one hand and scope for resource mobilisation on the other. In most cases the methodology used has consisted of some rules of thumb based on parameters like capital-output ratios. 4 Moreover, the policy regime under which such questions have been posed has vastly changed during the last decade. Not only the policy implementation set-up but also the central policy issues have undergone a substantial change. Further changes that are likely to take place over the subsequent two decades can at best be only guessed at the moment. These notwithstanding, it is our view that the present study is meaningful in so far as it caricatures future course of the Indian economy under different alternatives.
Based on a comprehensive econometric model (IEG-DSE, 1999) it is able to handle the complex issues at hand in a systematic and consistent manner.
As stated earlier, the core model in our analysis is fairly simple and consists of production and investment functions. We assume Cobb-Douglas type production functions rather then fixed capital-output ratios, as planning exercises have usually done.
Capital formation is posited to follow the accelerator hypothesis with other determinants like the real rate of interest, and other structural factors characterising developing economies. This given us the core of the model as:
Where Y stands for output, K for capital stock, t for time, {Z} for infrastructure and other relevant inputs, I for investment, R for nominal interest rate, P for price level, π for expected rate of inflation CR availability of real credit and δ rate of depreciation. To ensure that the economy moves along the warranted growth path in the sense of Harrod (1939), we monitor the balance between saving, investment and capital inflow.
The exercise has been carried out, as stated earlier, on the basis of parts of a macro-econometric model, (IEG-DSE, 1999) which has served as a reliable system for short to medium term forecasting and policy analysis for nearly a decade. While some parts of the model have been dropped or condensed some have been modified to suit the present purpose of dealing with long term growth. Also, since the model is based on data for the period 1970-71 through 1996-97 some parameters are modified here and there in view of perceived structural changes likely to occur in the years to come. The somewhat detailed submodel dealing with the external sector has been retained as in the original model.
We build up three scenarios, which are as follows. First, we set up a base line or "Business as Usual" scenario (A) in which the system follows its own course with built-in modifications. Then we add a technical progress factor on the industrial sector and introduce inflow of foreign direct investment at varying rates to augment domestic resources. This gives us scenario (B). From all counts scenario (B) does not appear to be sustainable in terms of the environmental problems, particularly the maintenance of water resources. This calls for the third scenario (C) in which a part of the public investment is used to maintain and / or improve environmental resources rather than to add to the capital stock in any particular sector.
Thus, we have three scenarios as follows:
A. Baseline or "Business as Usual" scenario.
B. Technical Progress and Inflow of Foreign Direct Investment added on to A or, the "Globalisation" scenario.
C. A slice of investment diverted from physical capital formation to environmental protection. This modification is superimposed on scenario B, giving us the "Environmental Protection" scenario.
As mentioned earlier sustainability is partly imposed on the growth process, as we shall explain subsequently. But more explicitly and perhaps more importantly we monitor movements of five variables to check sustainability. These are: V. Economy wide balance between saving and investment.
Model Structure and Modifications
The IEG -DSE model 5 (now referred to as the CDE -DSE model) which is our starting point is a large macroeconometric model which deals comprehensively with the Indian economy. It consists of eight sub models, which add up to nearly 350 equations.
The submodels deal one each with output, capital formation, price behaviour, money and The public finance sub model explains a wide class of fiscal operations including the financial balances of the public sector undertakings. As expected revenues are closely related to the level of economic activity, with given fiscal parameters. Money stock (M3) is determined as the result of equilibrium between supply and demand for the three components of M3, namely currency, Demand deposits and time deposits in a complex manner. Monetary policy parameters are built into the money multiplier. The money -finance submodel also explain prime lending rates of banks and nonbank financial institutions and rates on government securities. Public sector resource gap influences the last one in a significant way.
As mentioned earlier private fixed capital formation is driven by variants of the accelerator hypothesis, real credit availability and in some sectors by the phenomenon of crowding in due to public sector investment. In agriculture lagged relative prices, which serve as proxies for terms of trade also turn out to be important. The model is highly nonlinear and dynamic with strong linkages across sectors and within sectors. Its performance in terms of validation tests over the sample period, biannual forecasts over the last few year as well as results relating to policy analysis has been fairly good and compares favourably with those of other models that we know of.
A number of modifications have been made in the model, as stated earlier, to render it not only suitable to the problem at hand but also manageable. In addition, some constraints have also been imposed on the movement of several variables, which are free to adjust endogenously in the original model. These modifications and constraints have been imposed to obtain the baseline solution and retained in all other subsequent solutions, to ensure comparability across different solutions.
First and foremost, since we are primarily concerned with long term growth major causes of short run fluctuations need to be curtailed. To this effect we suppress the structural submodel relating to price behaviour. However, prices are not held constant.
Instead, all domestic prices are assumed to grow secularly at 3 percent. This means a kind of steady state in which the inflation rate is fixed and all relative prices are frozen.
Second, following from the above, since prices are largely influenced by monetaryfinancial variables, the submodel relating to money stock, interest rates etc. is eliminated from the model. We do however assume domestic credit to grow at rates, which are not far from those that have prevailed over the recent past. We also set major interest rates at a level such that the real interest rate is about 7 percent. This is arbitrary but apparently plausible. Third, abandoning the five sector set up in the original model we now disaggregate the economy into nine sectors.
7
Value added is largely explained in terms of capital stock and some crucial inputs like energy while all pure demand variables are eliminated. With regard to agriculture we note that for about 12 years the weather conditions have been normal or better than normal. Since seven of these years of bountiful weather conditions belong to the sample period the estimated equation for this sector tends to overstate output and growth rates for agriculture. To rectify this, we give the production function for this sector a negative boost of 1 percent per annum. Private capital formation, in most cases follows the accelerator model together with, in some cases, public sector investment and the real rate of interest. While the accelerator formulation gives rise to mild cyclical variation, the crowding -in phenomenon also shows up significantly in some cases.
In dealing with the external sector we expect that export growth in volume would
be better than what it has been during the seventies and the eighties. The so posited structural shift is in keeping with experience over the last few years. In view of this we modify the equations relating to real exports of manufactures so as to ensure that the rate of growth of this variable is one percent over and above what it would have otherwise been. Clearly this is a mild shift in the overall setting.
No modification is made to any of the import functions. Also, we let the nominal exchange rate (rupees per US dollar) to increase over the two decades by approximately 2 percent annually. Given that domestic prices rise by 3 percent and world prices by 2 percent, this implies that the real exchange rate (dollars per rupee) depreciates by 1 percent approximately.
7 These include agriculture and allied activities (AFF), mining and quarrying (MAQ), manufacturing (MAN), construction (CON), electricity, gas and water supply (EGW), trade, hotels and restaurants (THR), transport storage communications(TSC), finance, insurance and real estate (FIR), social community and other services (SCS).
Characterising the Alternative Scenarios
With the modifications in the underlying model as explained earlier, the baseline scenario is generated on the following assumptions:
(a) Domestic inflation rate is fixed at 3 percent per annum. Nominal non-agricultural non-food credit is assumed to increase at 15 percent per annum. Nominal exchange rate (rupees per dollar) increases at 3.5 percent per year. This clearly implies efficient short-term management of monetary and exchange rate policies as a precondition necessary for the growth scenario.
(b) Public sector comprising of central and state governments and PSUs generate annually savings equal to 1.5 percent of GDPMP. This is lower than the rate observed in recent years. But consistent with higher GDP growth and overall reduction in size of the public sector. Since, no changes are imposed on revenue collections, the implicit assumption is that reduced tax rates should widen tax base and be accompanied by better tax compliance.
(c) Public sector capital formation in real terms is set at 7 percent of real GDPMP over the five years 2000-01 through 2004-05. The ratio declines to 6 percent over the remaining years. This is allocated to the nine sectors as follows: agriculture and allied activities (7%), mining and quarrying (10%), manufacturing (8%), construction (2%), electricity, gas and water supply (25%), trade hotels and restaurants (2%), transport storage and communications (20%), finance, insurance and real estate (6%), social, community and other services (20%).
(d) In agriculture net area sown is assumed to remain constant so that greater output comes from multiple cropping and higher yields. Also, nominal credit to agriculture grows by about 10 percent per annum. For the second scenario we add a productivity shock to the two sectors namely manufacturing and, electricity, gas and water supply. The productivity increase curve is concave which rises for a while and then declines implying diminishing return to R&D.
As explained earlier the productivity shock is added on to the base line scenario. In addition we allow for inflow of foreign direct investment amounting initially to US $3 billion, then increasing to $ 5 billion and then topping off at $ 7 billion. By 2015 the quantum of FDI inflow diminishes back to $ 5 billion and $ 3 billion. Thus, on the one hand, total capital formation increases and on the other the capital account of the external sector gets altered. FDI is allocated largely to manufacturing and infrastructure sectors.
Finally, the environment protection scenario assumes that given the total public sector real investment part of it (1.5 percent of real GDP) goes to the maintenance and improvement of environment. This gives us the third scenario under which there is a decline in output levels and growth rates as expected. Thus, we have a situation of tradeoff between higher consumption of goods and services and the quality of life. However, one may eventually visualise the latter to raise productivity so that the trade-off margin improves in favour of environmental protection. This is partly because of the above mentioned data base and partly because of the tempo and pattern of movements imposed on certain variables, e.g., the level of prices, are different from the actual. In this section we shall focus only on summary results relating to important variables.
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Before we turn to these results let it be recalled that the baseline scenario A which is termed "Business as Usual" consists of solutions to the modified model as it stands .
Under scenario B which is termed "Globalisation" we add foreign direct investment and a technological change factor for different sectors to scenario A. Results corresponding to the two factors have been worked out separately but here we report them together. Under scenario C which is termed "Environment Protection" it is envisaged that a part of the public sector investment amounting to 1.5% of GDP is diverted to maintenance and improvement of the environment rather that to physical capital formation.
To render the task of comparison and interpretation manageable the nine sectors of economic activity are collapsed into three, namely, agriculture, industry and services.
Again, rather that reporting results on a year to year basis we either report averages for selected periods or for selected years. All movements are to be seen as being long or medium run in character. This is because many segments of the model generating short run movements have been eliminated and many variables are subjected to only long run trends. Finally, it bears a repetition to say that the present excersise is not about forecasting but about scenario building.
Output Growth
First of all, we observe mild cyclical pattern in the annual growth rates of total GDP under all scenarios. (See graph). This is clearly due to the dynamic non-linear character of the model. However, since the year to year deviations are not too large averaging over years has no distortionary effects. Table 1 Two things need to be noted from our results. First, under both baseline scenario as well as scenario B rate of annual growth in agriculture is close to or above 5 per cent.
There is reason to believe that this is not sustainable in terms of the demand it will make on water resources and more generally on the state of the environment 9 . Second, there is a trade-off between environment protection and growth over a medium run. But, over a longer run better environment should at least partly, help to maintain productivity growth which we do not take into account. If this is kept in mind the balance of trade-off would tilt in favour of investment in environment.
As expected, the impact of technology accelerates the GDP growth by about half a percentage point over the first five years and by about three quarters of a percentage point over the next fifteen years. Over the next quinquinnium the difference is very small. The effect of FDI is similarly spread. But the major impact on growth rates is confined to half a percentage point. It is necessary recall that the assumed productivity shock itself is rather mild and curved to ensure sustainability. If we consider only the technology shock scenario with the baseline 68 percent of the increase in output between 9 On this see Bhalla et. al (1999) .
2000 and 2020 comes from investment and 32 percent from productivity. But if we take up all the three scenarios together the contribution of capital formation is about 59 percent, productivity 29 percent and FDI about 12 percent. As noted earlier concern for environment has costs. Annual growth rate declines marginally from 7.3 percent to 7.2 percent over 2012-16 and more significantly from 7.3 percent to 7.0 percent over 2016-20. Over the earlier period the differences are rather small. Finally, a few comments on the productivity of capital. In table 4 below we report average and incremental capital-output ratios for the three sectors and the economy by quinquinnial averages. It is necessary to look at the movements in these ratios over the two decades under the three alternative scenarios to ensure that outcomes under alternative scenarios are plausible. One thing that stands out sharply is that the capital output ratio rises for agriculture 10 whereas it falls for both industry as well as services.
This is true of averages as well as incremental capital output ratios. Once again changes are sharper under scenario C than those under scenarios A or B. 
Sustainability
Having checked the plausibility of the different growth scenarios let us now turn to the question of sustainability in terms of the four measures discussed in section 1. These consists of fiscal balance, measured in terms of overall public sector resource gap (RG), external balance measured by trade deficit as a proportion of GDP (EB), food security measured by per capital availability of domestically produced foodgrains (FG) and finally growing levels of living measured as per capita real consumption expenditure (CON).
These are reported below. At the outset we need to note that RG is important in so far as we assume that public sector investment in agriculture and infrastructure would remain significant even as the share of such investment in total GDP would keep declining. Our calculations given in table 5 show that under scenarios A and B RG remains close to or mostly above 6 percent of GDP. In a sharp contrast, however the ratio drops to a level below 5 under scenario C.
Similarly EB is unmanageably high under both scenarios A and B. It is extremely high particularly under scenario B. Again, in contrast under scenario C the imbalances is not only within manageable limit all along but even negative in the terminal year. Thus, if invisibles are assumed to be of the order of 2 to 3 percent of GDP, current account deficit will be close to 2 percent of GDP except in 2003-04. The interesting feature of the external imbalance is its sharp decline towards the end of the second decade. Finally we note that under all scenarios rates of saving remain marginally above the rates of saving remain marginally above the rates of investment (Table 7) indicating the possibility if higher growth rate as far as savings are concerned. Table 9 gives per capita production availability under scenarios A and C, averaged over quinquinnial stretches. 
Summing Up
With the onset of the final decade of the last century (and the Millennium!) India explicitly adopted a new economic policy regime -departing from the path that had been followed for the preceding four decades. External deficit goes beyond the tolerable limit for a while but ultimately comes down to a level below the 2 per cent norm. Fiscal gap drops slowly and remains close to 4 per cent of GDP. The most important result we get is that a rate of growth of real GDP above 7 per cent is not sustainable; nor so is agricultural sector's growth above 4 percent.
It is necessary to add that an implicit assumption underlying the exercise is good macroeconomic management and normal weather conditions. Given the nature of the exercise there is no explicit role for micro economic changes in the economy nor for the way social sectors go. Nevertheless, the presumption is that unemployment, poverty and inequality and other vital socioeconomic indicators do not worsen so as to cause systemic failures. 
APPENDIX A Core Structural Linkages
In this appendix we give some of the critical relationships which form a part of the core model in so far as they determine the growth process. To this effect we report three sets of equations, most of which are estimated. These include (a) production functions (b) investment functions and (c) other critical relationships. In particular, we need to understand how these are specified in order to identify important linkages in the model and also to assess their statistical characteristics. The complete model including the large number of accounting identities and assumed trend curves are given in Annexure C.
It needs to be underlined that we have deliberately confined to the somewhat short sample period beginning with 1980-81, in order to minimise inaccuracies due to the change in the policy regime. The presumption is that data for the earlier period would not be relevant for capturing the emerging future relationships. How far we may remain off the track, nonetheless, only future will tell.
A.1 Production Functions
In almost all cases we try to explain output capital ratio. Two major exceptions are agriculture where we look at output per unit of area under cultivation and manufacturing for which the dependent variable is directly the level of output. In addition to the nine sectoral production functions we also have a function explaining the gross output of foodgrains, in view of its special role. One common explanatory variable in most cases is the level of infrastructure. Judged by the usual diagnostics all estimated relationships are fairly good. In particular, there is no evidence of serial correlation. Only, the sample period of 1980-81 through 1994-95 is rather short, something one cannot help. 
A.2 Private Capital Formation
In explaining private capital formation at sectoral levels we have largely followed the accelerator hypothesis and supplemented it by some other explanatory variables like the real rates of interest, availability of credit, rates of inflation, and the level of public 
A.3 Other Structural Relationships
In this set of relationships we include volumes supply and demand for exports of manufactured goods, the latter normalised in terms of the unit value index, imports demand for manufactures and POL products. But before we report these it is useful to indicate that in building sustainable growth scenarios we match the quantum of investible resources ( R) against total investment. R is calculated as follows:
R = S + FDI + AID + OT -CR
Where S denotes domestic saving, FDI foreign direct investment, AID external aid, OT other capital account transfers and CR increase in foreign exchange reserves.
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